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(54) METHOD OF PRODUCINQ PHASE MASK i=OR FABRICATING OPTICAL HBER AND OPTICAL 
nOER WITH BRAGCS DIFFRACTION GRATING PRODUCED BY USING THE PHASE MASK 



(57) The invention relates to a meltiod of fabricating 
an optical fiber-processing phase mask in which a 
stitching error ascribable to a deterioration in the >fvaye- 
length selectivity of the optical fiber diffraction grating to 
be fabricated is reduced. At an exposure step, a writing 
stage 5 with a phase mask blank 10 placed thereon Is 
continuously fed in one direction while portions of the 
phase mask blank corresponding to ^ooves 26 or strips 
27 In a direction perperKlicular to the directton of feeding 
are sequentially scanned with writing beams 14, 
whereby the entire area of the phase mask blank 10 to 
be written is continuously written. 



FIG. \ 
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Doscrlpti n 
TECHNICAL ART 

[0001] The present invention relates to a method of 
fabricating a phase mask for proofing optical fibers, 
and an optical fiber with a Bragg cGffraction grating, 
which is mamitoctured usntg the optical fiber-process- 
ing phase mask. More particularly, the present Invention 
relates to a method of fabricating a phase mask for 
making a cfiffractkm grating in an optical f ber used for 
optical communicatkxns. etc. using ultraviolet laser light, 
and an opiicd fkser with a Bragg diffraction grating. 
vMch is maniaclured using the mask. 

BACKGROUND ART 

[0002] Optical fibers have brought about break- 
throughs in the glotxdization of communications to 
make high-quality and large-capacity inter-oceanic tele- 
communications feasiUa So far, it has been known that 
a Bragg diflracfiOQ (pating is provkled in an optical f ber 
by aeating a periodic refractive index profile in an opti- 
cal fiber core along the optical f ber. and the magnitude 
of reflectivity and the width of the wavelength character- 
istics of the diffraction grating are determined by the 
period and length arKi the magnitude of refractive index 
rnodulatbn of the diffraction grating, whereby the dif- 
fraction grating can be used as a wavelength division 
multiplexer for optical communications, a narrow-k)and 
yet high-reflection mirror used for lasers or sensors, a 
wavelength selectton filter for removing extra laser 
wavelengths in fiber amplifiers, etc. 
[0003] IHowever. the wavelength at which the attenua- 
tion of a silica optical fit>er is minimised and which is 
suitable for long-distance oomnuinications is 1 .55 ^im. It 
is thus required that the grating spacing be about 500 
nm in order to atkiw the optical fiber diffraction grating to 
be used at this wavelenglti. At the beginning, it was con- 
sidered difficuft to make such a minute structure in an 
optical fiber core; that is, a Bragg diffraction grating was 
provided in the optical fiber core by a sophisticated 
process comprising a number of steps. e.g., side polish- 
ing, photoresist coating, holograph^ exposure, and 
reactive ion beam etching. r=br this reason, much fabri- 
catk)n time was needed, resulting In low yields. 
[0004] In recent years, however, a method of fabricat- 
ing a diffraction grating by irradiating an optical f ber with 
ultraviolet radiation to cause a refractive index change 
directly in an optical fiber core has been developed. This 
ultraviotet irradiation method has been steadily put to 
practical use with the advance of peripheral technolo- 
gies, because of no need of any sophisticated proc- 
esses. 

[0005] Since the grating spacing is as fine as about 
500 nm as noentioned atx>ve,this method using ultravio- 
let light is now carried out by a interference process 
using the interference of two light beams, a writing-per- 



poirrt process wherein single pulses from an excimer 
laser are focused to make diffraction grating surfaces 
one by one, an irradiatbn process using a phase mask 
having a grating, etc. 

5 [P006] Regarding the interference process using the 
interference of two light beams, a prdrfem arises In con- 
junction the quality of the beams in the lateral direc- 
tion, i.e., spatial coherence. A problem with the writing- 
per-point process is on the other hand that strict step 

10 control of the submicron order is needed to focus light 
on a smaO poirrt for writing light on many surfaces. 
Another probtem arises in cor^unctton wHh processabil- 
ity. 

[0007] Id 1 ohg ^hr ^ prohlems. attention has focused 

IS on the Ir rndirrtrir jrrogsc using a phase mask. Accord- 
ing to tNs pr ooops . a pnase mask 21 comprising a 
quartz sutstrate provided on one surface with grooves 
of given depth at a given pitch is irradiated with ultravio- 
let laser light (of 190 to 300 nm wavelength) 23 to give a 

20 refractive index change to a core 22A of an optical fiber 
22, thereby prodbdr^ a (rating (diffraction grating), as 
shown in Rg. ^ a better understanding of an 
interference pattern 24 on the core 22A, the pattern 24 
is exaggerated in Fig. 5(a}. Rg. 5(b) is a sectional view 

25 of the phase mask 21 . and Fig. 5(c) is a top view corre- 
sponding to Fig. 5(b). The phase mask 21 has a binary 
phase type of diffraction grating structure where a sub- 
strate is provided on one surface with grooves 26 having 
a depth D at a repetition pitch P, with a strip 27 sut>stan- 

30 tially equal in wkfth to each groove being provided 
between acQacent grooves 26. 
[0006] The depth of each groove 26 on the phase 
mask 21 (the difference in height t>etween strip 27 and 
groove 26) D is chosen such that the phase of tiie ultra- 

S5 violet laser light (beam) that Is exposure light is modu- 
lated by n radian. Thus, zero-order light (beam) 25A is 
reduced to 5% or less t>y the phase mask 21. and chief 
light leaving the mask 21 is divkled into 4- first-order dif- 
fracted light 25B oontalnvig at least 33% of diffracted 

40 Pght and - first-order diffracted fight 25C, so that the 
optical fiber 22 is inadiated with tlie + first-order dif- 
fracted light 25a and - first-order diffracted light 25C to 
produce a interference fringe at a given pitch, thereby 
providing a refractive index change at this pitch in the 

45 optical f ber 22. 

[P009] The grating produced in the optical fiber using 
such a phase mask 21 as mentioned above has a con- 
stant pitch, and so the phase mask 21 used for grating 
production is provided with grooves 26 at a constant 

so pitch. 

[0010] Such a phase mask is produced by writing an 
electron beam on positions, corresponding to grooves 
26, on the quartz sUbstrate coated with a electron-beam 
resist, using an electron-beam writing System and etch- 
55 ing out the written portions. 

[QO1 1 ] To achieve a nan-ow-t^and optical fiber diffrac- 
tion gating, however, such a phase mask 21 as men- 
tioned above is required to have a size of the order of 
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100 mm in the repetition direction of grooves 26 (in the 
sectional direction in Fig. 5). In addition, it is not easy to 
continuously expose a phase mask blank to writing 
beams in one operation. Thus, such an optical fiber dif- 
fraction grating is fabricated by writing the entire region 5 
of a phase mask blank with writing beams t>y a step- 
and-repeat process wherein the entire region of the 
phase mask blank is divided into small segments (at an 
interval of about 7 mm). One segment is first written 
with writing beams while a writing stage is fixed, and ro 
then the writing stage is moved by one segment to write 
the next segment with writing beams. This operation is 
repeated while the segments are conn^ed to one 
another, so tiiat the entire region of the phase mask 
blank can be sequentially written with the writing is 
beans. 

[0012] However, a prot^lem with this step-and-repeat 
process is that there is a phase shift (a stitching error) in 
the repetition period of grooves 26 in the connection of 
adjacent segments to each other, in an optical f ft>er dif- 20 
fraction grating fabricated using a phase mask having 
such a stitching error, a numt>er of unnecessary peaks 
other than essential side lobes occur on both sides of 
the center Bragg peaK as can be seen from the wave- 
length vs. reflectivity relation shown In Fig. 8. ss 

DISCLOSURE OF THE INVENTION 

[0013] In view of such problems with the prior art as 
mentioned above, one object of the present invention is 30 
to provide a method off fak}ricating an optical fiber- 
processing phase mask which can reduce or sitetan- 
tially eliminate stitching errors ascribable to a deteriora- 
tion in the wavelength selectivity of the optical fiber 
diffraction grating to be fabricated. The present inven- 35 
tion also irxdudes an optical fiber with a Bragg diffraction 
grating, which is manufactured using such a phase 
mask for processing optical fiber& 
[0014] According to one aspect of the present inven- 
tion, this object is accomplished by the provision of a 40 
method of fabricating an optical f itier-prooessing phase 
mask comprising a transparent sut>strate provided on 
one surface witfi a grating form of repetitive groove-and- 
strip pattern, in which an optical fiber is irradiated with 
light diffracted t>y said repetitive pattern to produce an 46 
interference fringe by interference of diffifacted lidht of 
different orders, thereksy providing a diffraction grating in 
the optical fiber, wherein: 

at an exposure step, a writing stage witii a phase so 
mask blank placed thereon is continuously fed in 
one direction while a portion of sakl phase mask 
k}lank corresponding to a groove or a strip perpen- 
dicular to said feeding direction is scanned with a 
writing beam, theretiy continuously writing said 55 
beam on an entire region of saki phase mask Idank 
to be v^en. 



[0015] According to another aspect of the present 
invention, there is provided a method of fabricating an 
optical fiber-processing phase mask comprising a trans- 
parent suksstrate provided on one surfece with a grati'ng 
form of repetitive groove-and-strip pattern, in wNch an 
optical fiber is in^adiated with light diffracted by said 
repetitive pattern to produce an interference fringe by 
interference of diffracted light of different orders, thereby 
provkiing a diffraction grating in the optical fik>ers 
wherein: 

when, at an exposure step, a writing beam is written 
on an entire region of a phase mask biank to be 
written while segments smaller than sakil entire 
region to be written are sequentially scanned with 
saM writing beam while said segments are con- 
nected to one another in a direction perpendicular 
to a groove or a strip, adjacent segments are 
allowed to overlap one another at a isart of end 
areas thereof. 

[001 6] In the present invention, beam writing may be 
carried out using either an electron-beam writing sys- 
tem or a laser-light writing system. 
[001 7] In tiie present invention, the pitch of the grating 
form of repetitive groove-and-strip pattern is usually 
between 0.85 ^m and 1 .25 ^m. 
[0018] it is here noted that the difference in height 
between grooves and strips in tiie grating form of repet- 
itive groove-and-strip pattern is preferably set such that 
the phase of optical fitter-processing ultraviolet radiation 
is shifted by approxinnately k upon transmisston. 
[0019] The present invention also enoonrpasses an 
optical fiber provkled with a Bragg diffraction grating, 
which is produced using the optical fiber-processing 
phase rrtask fabrk;ated by ertiier one of the above two 
fabrk;ation methods. 

[0020] According to the present invention, the writing 
stage with the phase mask blank placed thereon is con- 
tinuously fed in one direction at the exposure step while 
a portion of ttie phase mask tslank corresponding to a 
groove or a strp perpendicular to the feeding direction 
is scanned with a writing beeim, thereby continuously 
writing the entire region of the phase mask blank to be 
written. Alternatively, when, at the e)q30sure step, a writ- 
ing beam Is written on the entire regton of a phase mask 
blank to be written while segments smaller than said 
entire regk)n to be written are sequentially scanned with 
said writing bsEun while scud segments are connected to 
one anotiier in a direction perpendicular to a groove or 
a stiip. adjacent segments are allowed to overlap one 
another at a part of erxJ areas tiiereof. Thus, there is no 
stitching error due to connections between the seg- 
ments to be written, unlike the prior art. In the optk»l 
fiber provided witii a Bragg diffractfon grating whtoh is 
produc&i using such a phase mask, no unnec^sary 
peaks occur on both sides of the center Bragg peak. 



3 



5 



EP 0 936 505 A1 



6 



BRIEF EXPLANATION OF THE DRAWINGS 
[0021] 

Figure 1 is a schematic illustrative of how the fabri- s 
cation method of the invention is carried out using 
an electron -beam writing system. 
Figure 2(a) is Illustrative of an electron-beam writ- 
ing process used with the method of fabricating a 
phase masK and Figure 2(b) is a sectional view of 
the phase mask. 

Figure 3 Is a graph showing one wavelength vs. 
reflectivity relation of the optical fiber provided with 
a Bragg diffraction grating, which is produced using 
the phase mask of the Invention. 
Figures 4(a). 4(b). 4(c). 4(d). 4(e). 4(f). 4(g) and 
4(h) are sectional views of steps in one emt^odi- 
ment of the phase mask fabrk:ation method accord- 
ing to the invention. 

Figures 5(a). 5(b) and 5(c) are views illustrative of 
optical fiber processing and a phase mask used 
therewith. 

Figure 6 is a schematic illustrative of another writing 
process according to tiie invention. 
Figure 7 is an exaggerated view of a part of the 
overlapping region in Fig. 6. 
Figure 8 is a graph Illustrative of one wavelength vs. 
reflectivity relation of ah optical fiber with & Bragg 
diffraction grating, which is fabrk:ated by a conven- 
tional step-and-repeat process. 

BEST IWODE OF CARIT^'ING OUT THE INVENTION 

[0022] The method of fabricating an optical fiber- 
processing phase mask according to the present inven- 
tion will new be explained with reference to some pre- 
ferred embodiments. 

[0023] Fig. 2(b) is a sectional view of a pert of a phase 
mask 21 in its tongitudinal cfirection. This phase mask 
21 comprising a repetitive alternate groove-and-sti'ip 
pattern Is located as shewn in Fig. 5(a) for the purpose 
of fabricating a Bragg diffraction grating in an optical 
f ber. The groove is shown at 26, and the sti'rp is shown 
at 27. As shown in the Rg. 2(a) top view, one groove 26 
Is formed on a quartz suk)strate with an electron-t>eam 
resist coated thereon (see Rg. 4) by raster scan of the 
8ut)8trate with electron-beam scanning Dnes 28 in the 
widtliwise direction. As shown by broken lines, one strip 
27 is formed on the substrate by blanking the election- 
beam scan. According to the present invention, the 
whole of the continuous mask 21 is exposed to election 
beams as follows. Raster scan is can-ied out in a direc* 
tion shown lay a double-an^ow in Fig. 2(a) (in a direction 
vertical to groove 26 and strip 27). As mentioned above, 
the position of the substrate on which one groove 26 is 
to be written in actijalty scanned with a given number of 
scanning lines (five lines in Fig. 2(a)), and at the position 
of the substrate on which the next strip 27 is to be writ- 



ten as many as scanning lines are blanked. This is 
repeated sequentially over and over again, so ttiat the 
phase mask 21 having a given lengtii can be exposed to 
electron beams in one operation. 
[0024] In the present invention, an electron-beam writ* 
Ing system is used. whk;h is built up of an electron gun 
1, an electronic lens 2 for converging electron beams 2 
radiated from the electron gun 1 , an electronic deflector 
4 for deflecting the converged electron beams 14, and a 
writing stage 5 movable in a direction (Vdirectk)n) per- 
pendicular to one direction (X-direction) of scanning of 
tiie converged electron k>eams 1 4 deflected by the elec- 
tronic deflector 4. as schematically shown in Fig. 1 . On 
the writing stage 5 tiiere is placed a phase mask blank 
10 comprising a quartz suk>strate coated thereon with 
an electron-beam resist While the writing stage 5 is 
candied at a constant speed in the direction (Y-direction) 
perpendicular to the directfon of scanning, the phase 
mask blank 10 in scanned with the converged electron 
beams 1 4 at a given repetition interval in the direction of 
scanning (X-direction) to write grooves 26 thereon with 
tiie electron beams. 

[0025] in the present invention as mentioned above, 
the phase mask blar^ is placed on the writing stage at 
the exposure step of the lithographic process of tabricat- 
ing an optical f9>er-processing phase mask Then, while 
the writing stage is continuously fed in one direction, 
portions of the phase mask blank corresponding to 
grooves or str'ps perpendicular to the feeding direction 
of the writing stage are s^iuentially scanned with writ- 
ing beams, so that the entire area of the phase mask 
blank to be written can be continuously written. Unlike 
the prior art, tiiere is tiius no stitching error due to con- 
nections between the written segments. Accordingly, 
such unnecessary peaks (noises) as shown in Rg. 8 
are not found in an optical fit^r diffraction grating fabri- 
cated using this phase mask. 

[P026] The first aspect of the inventk^n is explained 
with reference to one spedfk; example A silica optical 
fiber with photosensitivity enhanced by the filling of 
highpressure hydrogen was used as the photosensitive 
optical fiber 22. and continuously exposed to light by the 
aifbresaid process. On the other hand, a phase risk 21 of 
100 mm in length was fabricated through the following 
steps. Then, tiie modulation of refractive index ¥vas 
imparted directly to a core 22A of the optical f U>er 22. as 
shown in Rg. 5(a). In this case, an argon SHG laser (of 
244 nm wavelength) was used as the ultravfolet laser 
light source. The wavelength vs. reflectivity retatfon of 
the thus fabrk:ated optical fit>6r provided with a Bragg 
diffraction grating is shown in Fig. 3. From a comparison 
with Fig. 8. It is seen tiiat unnecessary peaks are not 
substantially found on both skJes of the center Bragg 
peak 

[0027] Fig. 4(a) to Fig. 4(h) are sectional views of the 
process of fabricating the aforesaid phase nr^k 21. In 
tiiese figures, reference numeral 10 represents a phase 
mask blank, 1 1 a quartz substrate, 12 a chromium thin 
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film. 12A a chromium thin-film pattern. 12B an opening 
In the chromium thin film. 13 an electron-beam resist. 
13A a resist pattern. 13B a resist opening. 14 con- 
verged scanning electron beams In the Fig. 1 system. 
21 a phase m^k. 26 a groove, and 27 a strip. s 
[0028] As shown in Fig. 4(a). the blank 10 was first 
prepared by forming the chromium thin film 12 of 150 A 
in thickness on the quartz substrate 11. The chromium 
thin film 12 is useful for preventing a charging-up of the 
electron-beam resist 13 at the electron-beam (14) in'adi- 
ation step, and senses as a mask in the formation of the 
groove 2$ on the quartz substrate. TTie thickness of this 
chromium thin film is irrportant in view of resolution in 
chromium thin-film etching, and so shouM preferably be 
controlled to 100 to 200 A. 

[P029] Then, electron-beam resist RE51 OOP (made by 
Hitachi Kasei Co.. Ltd.) as the electron-beam resist 13 
was coated on the chromium thin film 12 to a thickness 
of 400 nm, and dried, as shown in Fig. 4(b). 
[0030] After this, the electron-beam resist 13 was 
exposed to light at an exposure of 1.2 ^C/cm^, as 
shown in Fig. 4(c), using an electron-beam writing sys- 
tem MEBESIll (made by ETEC). That is, as explained 
with reference to Figs. 1 and 2. one groove 26 was writ- 
ten with five raster scanning lines. While the writing 
stage 5 was fed in one direction, the portions of the 
phase maskt)lank 10 oorresporxjing to grooves 26 per- 
pendicular to the direction of feeding are sequentially 
scanned with the electron beams 14 tbr exposure to the 
writing light of the entire area of the phase risk blank 10 
to be written. 

[0031 ] After the exposure, post-exposure baking was 
candied out at WC for 5 minutes, and the electron- 
beam resist 13 was developed with TMAH (telramethyt- 
ammonium hydroxide) at a concentration of 2.38%, 
thereby forming such desired resist pattem 13A as 
shown in Rg. 4(d). It Is here noted that the post-expo- 
sure bang is to selectively enhance the sensitivity of the 
portion inadiated with the electron beams 14. 
[0032] Then, dry etching was perlbnmed with CHgCIa 
gas while the resist pattern 13A was used as a mask, 
thereby tbrming such chromium thin-film pattem 12A as 
shewn in Rg. 4(e). 

[0033] Sut^sequently. the quartz sut^ate 1 1 was 
etched with CF4 gas to a depth of just 240 nm. while the 
chromium thin-film pattem 12A was used as a mask, as 
shown Rg. 4(Q. Depth control was conducted by etching 
time control. Etching can occur while the etching depth 
is controlled in the range of 200 to 400 nm. 
[0034] Following this, the resist pattem 13A was 
stripped off with sulfuric acid at 70*^0, as shown in Fig. 
4(g). Rnally. the chromium thin-film pattern 12A was 
etched out with an ammoroum eerie nitrate solution, as 
shown in Rg. 4(h), and scrubbing was can^ied out to 
obtain a complete line-and-space phase mask 21 hav- 
ing a depth of 240 nm and a pitch of 1 .070 \im, wherein 
the lines and spaces corresponded to strips 27 anti 
grooves 26, respectively. 



[0035] The above example is given to explain the lith- 
ographic process of fabricating the phase mask 21 
wherein while the writing stage with a phase mask blank 
placed thereon is fed in one direction, the entire area of 
the phase mask blank to be written Is sequentially 
scanned and written with writing beams. The present 
invention is also applicable to a step-arKl-repeat writing 
process wherein the entire area of a phase mask blank 
to t>e written is divided into small segments. Rrst, one 
segment is written while a writing stage is fixed in place. 
Then, the writing stage is moved by one segment so 
that the next segment is written. This operation is 
repeated to sequentially write the segments with writing 
beams while adjacent segments are connected to each 
other. If, In this process, the movement of the writing 
stage is limited to smaller than one segment to stitch 
one segment to another during exposure, it is then pos- 
sible to reduce stitching encts. This process is 
explained below. 

[0036] Rg. 6 is a schematic view of segments to S5 
to be written. The segments to S5 Eire connected to 
one another while they are sequentially written by the 
step-and-f epeat process. In this case, the adjacent seg- 
ments are written while they overt ap at an end region A. 
Rg. 7 is an exaggerated view of the overlapping regton 
A. In Rg. 7. reference numeral 26^ represents a portion 
of one of the adjacent segment exposed to writing light 
to form a groove therein (solid lines) - and 262 stands for 
a portion of another segment exposed to writing light to 
form a groove therein (broken lines). Here assume that 
A represents a displacement t>etwe6n the adjacent seg- 
ment. Then, one groove defines an overlap of the 
exposed portions 26-) and 262. and the center thereof 
displaces by A/2 from the center of a groove In the case 
where the adjacent segments do not overlap. That is, 
this displacement conesponds to a half of the position 
displacement betwe&i the adjacent segments. For this 
reason, the stitching error reduces to half. When the 
acfacent segments overlap three times, the stitching 
en'or reduces to 1/3. It is desired that the process of 
oonnecting segments to one another using the overlap- 
ping region A be applied to the case where segments 
are connected to one another not only in a directk)n per- 
pendicular to the groove but also in a direction along the 
groove. It is here to be noted ttiat when segmerrts are 
written with electron beams while they overiap. the 
exposure intensity of the electron beams used for writ- 
ing the overlapping region should preferably be reduced 
depending on the number of overlapping, so that the 
exposure quantity of the overiapping regton can be 
much the same as that of a region wNch is exposed 
once to electron beams. 

[0037] While the method of fabricating an optical f ber- 
processing phase mask according to the invention and 
tiie optical f ber with a Bragg diffraction grating, which is 
manufacture using this optical fber-processing phase 
masK cu-e explained with reference to prefened embod- 
iments, it is understood that the invention is not limited 
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to these embodiments, and so may be modified in vari- 
ous fomis. While the present inverrtion is explained with 
reference to the use of raster scan type etectron*t>eam 
writing system, it is understood that the inverttion may 
also be earned out using a vector scan type writing sys- 
tem or the like. In the invention, a laser-light writing sys- 
tem may be used in place of the electron-beam writiiig. 
system. 

INDUSTRIAL APPUCABILITV 

[0038] In the method of fabricating an optical fiber- 
processing phase risk according to the invention as 
explained above, the writing stage with the phase mask 
blank placed thereon is continuously fed in one direction 
at the exposu-e step while portions of the phase mask 
blank corresponding to grooves or strips perpendicular 
to the direction of feeding are sequentially scanned with 
writing beams, thereby continuously writing the entire 
region of the phase mask blank to be written with the 
writing beams. Alternatively, when, at the exposure 
step, the entire region of the phase mask blank to be 
written are written with writing t)eams while segments 
smaller than the entire region of tiie phase mask blank 
are sequentially scanned with the writing beams and 
the segments are connected to one another in a direc- 
tion perpendicular to ^ooves or strips, adjacent seg- 
mertts are allowed to overlap one another at a part of 
end areas thereof. Thus, there Is no stitching enor due 
to connections between the segments to be written, 
unlike the prior art. In the optical fiber provided with a 
Bragg diffraction grating which is produced using such a 
phase mask. rx> unnecessary peaks occur on both 
sides of tiie center Bragg peak. 

Claims 

1. A method of fabricating an optical fiber-processing 
phase mask comprising a transparent sutjstrate 
provided on one surface with a grating form of 
repetitive groove-and -strip pattern, in which an opti- 
cal fiber is Irradiated with light diffracted by said 
repetitive pattern to produce an interference fringe 
by interference of diffracted light of different orders, 
thereby provkting a diffraction grating in the optical 
fiber, wherein: 

at an exposure step, a writing stage with a 
phase mask blank placed thereon is continu- 
ously fed in one direction while a portion of said 
phase mask blank corresponding to a groove 
or a strip perpendicular to said feeding direc- 
tion is scanned witfi a writing beam, thereby 
continuously writing said beam on an entire 
region of said phase mask t>lank to be written. 

2. A metiiod of fabricating an optical fiber-processing 
phase mask comprising a transparent substrate 



provided on one surface with a grating form of 
repetitive groove-and-strip pattern, in which an opti- 
cal fiber Is irradiated witii light diffracted by said 
repetitive pattern to produce a interference fringe 
5 by interference of diffracted light of different orders, 
ttiereby providing a diffraction grating in ttie optical 
fber, wherein: 

when, at an exposure step, a writing beam is 
10 written on an entire region of a phase mask 

tHank to be written while segments smaller than 
said entire region to be written are sequentially 
scanned with said writing beam while said seg- 
ments are connected to one another in a direc- 
is tlon perpendicular to a groove or a strip. 

adjacent segments are allowed to overiap one 
anotiier at a part off end areas tiiereof. 

3. The mettiod according to daim 1 or 2. wherein writ- 
20 ing is carried out using a electron-beam writing sys- 
tem. 

4. The method according to daim 1 or 2. wherein writ- 
ing is carried out using a laser light writing system. 

25 

5. The mettiod according to any one of daims 1 to 4, 
wherein said grating form of repetitive grocve-and- 
strip pattern has a pitch between 0.85 irni and 1 .25 
pm. 

30 

6. Tlie method according to any one of daims 1 to 5, 
wtterein a difference in height between grooves and 
strips in said grating form of repetitive groove-and- 
strip pattern is set such that a phase of optical fber- 

35 processing ultraviolet radiation is shifted by approx- 
imately K upon transmission. 

7. An optical fiber provided witti a Bragg diffraction 
grating, whk;h is produced using ttie optical ftomx- 

40 processing phase mask fabricated by the method 
aocofding to any one of claims 1 to 6. 
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FIG. 7 




13 



EP 0 936 505 A1 
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